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ABSTRACT 
 

Whether environmental policy is best determined by the federal government or whether it 
is best set by the states is far from settled. On the one hand, federal policy creates 
uniformity and eliminates potentially wasteful competition or spillovers between states. 
On the other hand, states can adapt environmental policies to reflect their own 
circumstances. However, states might also use this flexibility to pursue goals other than 
protecting the environment and goals that might even be environmentally harmful. This is 
the so-called race to the bottom. The purpose of this work is to develop an agent-based 
modeling approach that can describe state-level policy-setting behavior. This model 
forms a policy testing platform in which alternative schemes can be examined to limit the 
race-to-the-bottom process. At a minimum, this model illustrates that states might adopt 
bifurcated strategies, which may explain the lack of empirical support for the 
phenomenon, and that these strategies might develop from stochastic events rather than 
measurable state differences. 

 
Keywords: Race to the bottom, agent-based, environmental policy 

 
 

INTRODUCTION 
 
 Decentralization of the U.S. environmental policy remains a quite controversial issue of 
public policy design. While there are many presumed behaviors of states as they pursue 
economic growth and environmental policies, the empirical evidence is quite mixed. Proponents 
of strong federal authority argue that if a state is given authority to set its own environmental 
standards, the state will set lower standards to attract economic activity. This interstate 
competitive effect is known as the “race to the bottom.” On the other hand, their opponents are 
convinced that decentralization has its advantages. States may use their flexibility to either set 
policies that are even stricter than federal standards or to adopt alternative methods for achieving 
the same environmental outcomes that the federal standards would achieve but at a lower social 
cost by taking advantage of local circumstances.  
 
 The number of works quantitatively evaluating the process of decentralization, and 
consequently the existence or absence of the race to the bottom, is limited in most cases, because 
systematic, reliable, and timely available empirical data from the states are rarely available. In 
situations like that, agent-based modeling can be a powerful tool for the study. Agent-based 
models provide the possibility to flexibly change and control the variables of interest: the 
biophysical world where agents operate, agents’ attributes, and rules of cooperation, punishment, 
learning, etc. This flexibility and adaptability make it possible to study “what if” questions. For  
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example, what if agent preferences or given rules of cooperation change? How, then, may this 
affect the outcomes, efficiency, and effectiveness of the environmental policy? That broad 
control in the computer experiment is usually restricted, if not impossible, for most empirical 
studies because the “what if” question seems to have limited applicability to and consistency 
with regard to empirical data.  
 
 In the present work, we attempt to define the main features of an agent-based modeling 
approach that may provide us with an insight into state-level environmental policy setting and 
help us understand how economic development within the states and competition between the 
states may affect their environmental regulations and vice versa. To define the main attributes of 
the agents — the rules of their behavior and interaction — we consider a simple model of the 
state’s economy producing one good by using one input and generating hazardous waste. In this 
approach, we assume the stringency of the environmental policy is defined by the environmental 
tax, which is endogenous with respect to agents. Finally, we discuss some difficulties in 
establishing the rules of agents’ behavior and possible situations that may lead to complex 
dynamics. 
 
 

PRIOR LITERATURE 
 
 Federalism and federal-state relations within environmental policy are extensively 
discussed by many scholars in the field (e.g., Sussman et al. 2002; Scheberle 2004; Braden and 
Proost 1997). Decentralization of federal power with respect to environmental policy may follow 
different processes. So-called “delegated” programs offer to the states a partial preemption of 
primacy in setting environmental quality. Standards established by a state must be at least as 
strict as the federal standards. Under the Clean Air Act, states are delegated with the right to 
design old source performance standards while new source performance remains under federal 
jurisdiction. Under the Clean Water Act, states may also choose to accept primary control over 
both new and old sources (and some states do) in setting water quality standards. Under the 
Resource Conservation and Recovery Act (RCRA), states are given broad control over the tax 
structure and permissible practices for the generation, treatment, disposal, and transportation of 
hazardous wastes. The federal government does not provide complete funding to the state 
running its own programs. Sussman et al. (2002) notes the distinct differences in states in 
choosing primacy as their motivation. These beneficial factors include the following: (1) the state 
earns flexibility in setting the environmental standards and may provide a higher level of 
environmental protection; (2) states may set priorities for their programs to take into 
consideration local circumstances; (3) states can establish their own in-state programs when there 
is no similar federal program; (4) states can consider their own administrative capacity in setting 
goals; (5) states may take into account local political and technological concerns; (6) states may 
establish the respective agency of a different type and size that answers the state’s needs. This 
also benefits federal government, providing a possibility to save some funds for other social 
programs together with achieving a positive environmental outcome.  
 
 But the added flexibility brings the concern that states may set lower environmental 
standards or postpone the implementation of federal standards (see, for example, Engel 1997 and 
Revesz 2001). Scholars, advocating stronger federal authority, argue that interstate competition 
in industrial development causes states to relax their environmental standards in favor of their 
business communities (e.g., Duerksen 1983). This effect leads to a situation where each state 
may export the cost of its more lenient clean air standards: more pollution in the air to other 
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states. At the same time, “the economic growth attracted by lower standards occurs exclusively 
within each state’s boarders” Potoski (2001). The literature on these issues follows purely 
theoretical and purely empirical tracks.  
 
 Oates and Schwab (1988, 1996) developed a set of theoretical models. In their models, 
interstate competition results in states establishing environmental standards at the socially 
effective level. At the other extreme, Engel (1997) characterizes the problem as a one-shot 
prisoner’s dilemma game. She identifies the crucial difference between the two models. Under 
her model, the two noncooperating states always produce the race-to-the-bottom outcome, while 
Oates and Schwab’s model assumes a number of competitors that is large enough so that the 
market equilibrium remains unchanged when one of the states attracts capital by lowering its 
environmental standards. The large number of competitors (states) use the competitive 
equilibrium assumption that no state is large enough to distort the market. Engel suggests that 
even with more than two states, some might collude to relax standards and have a nontrivial 
impact on attracting capital, creating the race-to-the-bottom outcome. 
 
 Relatively few papers take an agent-based modeling approach for anything remotely 
close to this subject. Teitelbaum (1998) uses agents to model the ways in which firms adapt to 
changed regulatory environments. Teitelbaum showed that the government controls pollution 
more effectively when firms are given time to prepare for the onset of pollution regulations 
rather than being surprised by them and that the effects of pollution controls can vary widely 
across firm types. Batroszchuk and Nakamori (2002) used agent-based modeling together with 
empirical data to testify on the existence of the environmental Kuznets curve for carbon dioxide 
emissions for four European countries. 
 
 There are a number of purely empirical studies that attempt to test the race-to-the-bottom 
hypothesis. Potoski (2001) builds a regression model with the dependent variable being the 
number of criteria pollutants for which a state exceeds national ambient air quality standards 
(NAAQSs). Only the variables characterizing community-based action appeared to be 
significant. Another paper (Bond et al. 2004) gives similar results, which show that the level of 
environmental ambient standards for both air and water are defined by the level of democracy 
and environmental preferences of agents (citizens, groups, communities) acting in the state. The 
economic variables, like polluting industry strength, appeared to be insignificant, providing no 
evidence for the race to the bottom. List and Gering (2000) found no evidence for the race to the 
bottom in environmental quality from their study of abatement expenditures of the states. Dinan 
et al. (1999) had the same result for drinking water. In summary, most empirical works do not 
provide convincing evidence that the environmental race to the bottom exists. However, it is not 
clear if any of these studies appropriately control for simultaneity and/or selectivity. Policies may 
be strictest where the pollution problem is the most severe. 
 
 The race to the bottom is closely related to the “pollution haven” hypothesis. Several 
recent studies found empirical evidence for the existence of a pollution haven effect: pollutants 
are exported to states with less stringent environmental regulations, and firms in polluting 
industries are more likely to locate to those states. But even more studies do not support this 
result. Kahn and Yoshino (2004) analyzed pollution intensity and distribution of the bilateral 
manufacturing trade. The panel data analysis of whether richer or poorer nations specialize in 
exporting dirty goods done for 1980–1997 in 128 countries for 34 manufacturing industries 
supports the pollution haven hypothesis. Contrasting with this, one of the more influential studies 
(Ederington et al. 2004) examined whether trade liberalization affects environmental quality in 
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the United States and found no such relation. Smarzynska and Wei (2004) studied investments 
flows to 25 developing countries. The study was done on an individual firm level, and it also 
provided no support to the pollution haven hypothesis. The paper by Copeland and Taylor (2004) 
includes an extensive literature review in which the authors expressed their vision of the problem 
and theoretical analysis of the topic. In another paper, Taylor (2004) develops a theoretical 
model of the pollution haven hypothesis by dividing the hypothesis into a series of logical steps, 
linking assumptions on exogenous country characteristics to predictions on trade flows and 
pollution levels. As was mentioned above, the application of the game theory to the pollution 
problem has some serious technical and conceptual limitations: in reality, many parties 
participate in setting environmental standards; the setting of standards is a dynamic process that 
includes different kinds of dynamic interactions between players in both vertical and horizontal 
planes, etc. (see, for example, Brander 1985).  
 
 In summary, one may conclude that the race to the bottom is one of the possible 
behavioral responses of the state to the decentralization of the environmental policy. There is still 
no solid empirical proof that states do or do not reveal this type of behavior in setting the 
environmental standards. Most empirical works conclude that the data being used do not provide 
evidence of the race to the bottom. Together, they suggest that agent-based models have the 
potential to contribute a lot to this subject. 
 
 

ELEMENTS OF THE AGENT-BASED MODEL 
 

In approaching this issue, we assume that the model will consist of n agents representing 
states (or jurisdictions). We assume that each agent (for example, agent i), produces two 
aggregated commodities: a clean good xci and a dirty good xdi. Production of the dirty good also 
implies the production of waste xpi. We also assume that there is only one mobile input to 
production: labor Li. The production functions are increasing, concave, and homogeneous of the 
first order. The use of only one input has a number of modeling advantages for describing 
economic behavior. First of all, we don’t need to set a set of strong assumptions about the 
mobility of the capital, the comparative advantage of each agent, capital or labor abundance, etc. 
(see Oats and Schwab 1988) putting limitations on the number of agents. Second, it offers us the 
ability to describe behavior within and among states without the difficulty of establishing 
internal and external markets so that we can avoid the necessity of solving for a general 
equilibrium at each time period. Third, as mentioned above, there is some empirical evidence 
that the effect (price) of labor on waste generation has a higher magnitude then environmental 
regulations. With regard to the last point, we assume, consequently, that there is no incentive for 
an agent to transfer its capital to another agent, which is reasonable unless we don’t model the 
location decision process of the firms.  

 
 The environmental regulations are set endogenously by the individual agents (state 
governments) each time period. We assume that the stringency of the regulations is defined by an 
environmental tax rate τi for the disposal of wastes within the state’s boundaries. These tax rates 
may be set differently by each state. The states can also allocate resources Lai for the abatement 
of hazardous waste generation. The abatement function xpi = g(Lai, xdi) increases in xdi and 
declines in Lai. The higher the amount of the dirty good xdi that is produced, the more waste xpi 
is generated. The practicality of this assumption is driven by our desire to include only one kind 
of agent in the model. If we included other agents (firms, for example), they would decide on the 
levels of effort to apply to abatement, possibly on the basis of command-and-control-type 
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regulations. The view of firm decision making in this model is that it is very simplistic and 
nonstrategic. Once their production activities are included in the states’ aggregate production, 
firms simply do what the states want them to do. As a last dimension to state-level behavior, they 
decide what to do with the wastes that are generated. They may dispose of them within state 
boundaries, making them subject to the waste disposal tax. Or, alternatively, they may decide to 
ship them to another state for disposal. This makes them subject to the other state’s disposal tax 
plus any shipping and handling fees. The diagram describing the production-waste generation 
process for two agents is shown in Figure 1.  
 
 Ceteris paribus, there are two main pieces of information that affect the agent’s decision 
to ship waste out of the state that are made by the agent: the total shipment cost and difference in 
taxes. From a rational point of view, one may consider the net benefit, which is equal to the 
difference between revenue due to taxes colleted for the waste kept by the agent and the total 
cost of the shipment to the other agent. These two pieces of information can be summarized by 
the “vision” φki that agent k has of agent k. A higher fraction of wastes are sent to states with 
high vision than with low vision. The waste from state k sent to state i is described by xpki = φki 
xpi . 
 

To consider a simple situation, suppose that there are no transportation or handling 
charges. Under these circumstances, states send waste to whichever state has the lowest tax rate. 
This is the presumed behavior behind the race to the bottom. Under these circumstances, and 
with only two agents, if the environmental tax set by the agent-sender j is higher than the tax of 
the agent-acceptor I, then 0 < φji ≤ 1, and zero otherwise. This situation may well be formally 
described by using the Heaviside function ϕji = ϑ (τj − τi). In general, the cost of shipment is 
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FIGURE 1  Diagram of the production-waste generation process 
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proportional to the spatial distance dji between the agents, and we use a logistic allocation 
function to reflect these two components in the “vision” function: 
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where γ is a marginal transportation cost set to be equal across all agents. 
 

At each period, we assume that each agent maximizes a discounted sum of its utility 
function U(X´  

–D) over the time horizon. The utility function consists of two parts. The first part 
relates to the total income for the agent: xck + pd xdk + τk xpkr – (τi+γ)xpko , where xck has a unit 
price); τk and τi are the waste taxes set by the agent k and agent i, respectively; xpkr is the amount 
of waste received from all other agents; and xpko is the amount of waste shipped to agent i. We 
assume that agent k will likely ship to only the agent considering the tradeoff between the lower 
tax and minimal transportation cost. The second part of U(X´  

–D) represents the damage function 
D = D(xpk + xpkr – xpko); xpk is the amount of waste generated by the agent k. It is reasonable 
that the damage function is an increasing function of the total amount of wastes that are stored in 
the state, though it is likely that it will increase at a decreasing rate. What is ultimately important 
in this model is the way that the net amount of wastes disposed of in the state enter into the 
calculation about total utility.  
 
 There some potential problems that may appear to lead the behavior of the agent to the 
race to the bottom. Assume that environmental tax τ reduces the amount of waste by (1 – τ*) as 
follows (see, for example, Lempert et al. 2003):  
 
 pttp xx *)1(1, τδ −=+  . (2) 
 
This transformation describes a regime with a unique trajectory while τ* is a constant. In reality, 
some U.S. states have no taxes at all, while others use step-functions (CCH 2002). For the sake 
of simplicity, we assume that the tax rate may be expressed in the following form:  
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Note that τ1 and τ2 measured in different units are a tax ceiling. Also, in reality, τt does not 
change much over time. In the case of the United States, the change of the disposal tax schedule 
happens once in 5 to 10 years. Hence, while modeling, we can treat it as a constant during up to 
10 time cycles. On the other hand, an environmental policy decision-maker ought to have (and 
we assign him with) the possibility to intervene in the policy at any time cycle. By substituting 
Equation 3 into Equation 2, one gets the nonlinear recurrent expression: 
 
 ptptttp xxx )1( 11, τδ −=+  (4) 
 
for the amount of waste, which itself may produce unexpected behavior.  
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 The main issue in modeling the race to the bottom is how to classify the phenomena. The 
difficulty here is that the modeler predefines rules according to which agents behave, and then 
they simply reflect that behavior. The stringency of the environmental regulations is an 
endogenous parameter with respect to the agent, and each agent itself should define and 
implement the rule of how to adjust it. But even this simple-enough system may reveal complex, 
dynamic behavior. Under a certain combination of parameters, one may expect additional 
complexity because of the interaction between the agents. For example, the use of Equation 3 for 
pollution calculations may get the system switched to the chaotic regime, producing bifurcations. 
The same regulations applied to different agents may produce different effects. Recall that most 
empirical works do not find convincing evidence that the effect takes place because the 
respective regression coefficients were found to be not significant. The reason may be that the 
measured value lies in such a zone. 
 
 

DISCUSSION 
 

The race to the bottom is one of the possible responses of the state to the decentralization 
of environmental policy. There is no still solid empirical proof that states do or do not reveal this 
type of behavior in setting environmental standards. Most empirical works conclude that the data 
being used do not provide evidence of the race to the bottom. On the other hand, it is a presumed 
part of environmental policy making that this behavior exists. The models that give rise to this 
kind of behavior (e.g., prisoner’s-dilemma-type models) do not reflect the reasonable dynamic 
context of the problem.  

 
Recall that the main difficulty here is that the decision to relax the environmental 

regulations should be endogenous for each agent. The decision to relax policy is to be made by 
an agent itself. It should be clear that if the modeler establishes the respective rule for the agent, 
the agent will switch to the race to the bottom, following exactly that rule. In this situation, the 
inverse approach may be reasonable: initially the system of the agents starts its development with 
agents interacting with each other. Then we randomly choose an agent and relax its 
environmental standard to study how the dynamics of both the whole system and the agent 
change. Another approach proposed above is to allow the agent to maximize its utility adaptively 
to choose the optimal behavior with respect to the environmental tax.  
 
 Finally, we discussed some difficulties that are likely to be encountered in the modeling 
approach used for the race-to-the-bottom phenomenon and possible nonlinear dynamic behavior 
that complicates the process. 
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